Korea provides a unique opportunity to study the different behaviors or roles, if any, of limited flexibility and free floating exchange rate regimes. Korea shifted from a limited flexibility to a free floating exchange rate regime after the 1997 economic crisis. It is well documented that the exchange rate is very difficult to predict using any theoretical models for exchange rate determination. Based on a simple monetary model, we find that the impact of economic fundamentals on the exchange rate is very similar under both exchange rate regimes according to OLS estimates, but the difference is statistically significant with GARCH(1,1) results. We also find that the size of the exchange rate shock is much bigger under the free floating regime than under the limited flexibility regime. VAR results show that the exchange rate shock impact on inflation is not statistically different under the two regimes. These findings are generally in line with Baxter and Stockman (1989) for regime neutrality.
and Flood and Rose (1995) studied the relationship between exchange rate regimes and macroeconomic volatilities, and found that macroeconomic volatilities are not particularly dependent on exchange rate regimes. This paper follows a similar line of research focusing on a single country, Korea.
This paper investigates the macroeconomic structural differences of the Korean economy under the free floating exchange rate regime after the economic crisis compared to the limited flexible regime before the economic crisis. The contribution of this paper is two fold. First, this paper focuses on Korean exchange rate regimes. The Korean economy has grown so fast in the last 30 years, that Korea is the 12 th largest economy in the world, joining the OECD in 1996, and becoming one of the key players in international trade. Even with these achievements, the Korean economy did not receive due attention in rigorous academic research. Second, Korean exchange rate regimes provide one of the unique opportunities to study different behaviors or roles, if any, of a limited flexible regime and a free floating regime in the same economy. Since the regime change has occurred in a relatively recent period, it provides a natural experiment to empirically verify the role of exchange rate regimes on macroeconomic variables. We will investigate the effect of exchange rate pass-through on domestic variables such as the inflation rate under the two different regimes. The results of this paper provide useful guidelines for emerging economies to properly set their exchange rate system for stable economic growth.
There is an increasing trend for many developing countries to adopt free floating exchange rate regimes after economic crises. In reality, however, the officially declared exchange rate regimes are not what they claim to be. This is the "fear of floating" by Calvo and Reinhart (2002) . The advantages of a fixed regime, especially for developing countries, are well summarized in Frankel (2003) . They are: providing a nominal anchor to monetary policy, encouraging trade and investment, precluding competitive depreciation and avoiding speculative bubbles. In short, fixed exchange regimes provide the stability that developing countries need to maintain their economic growth. However, as the countries manage to maintain a fixed exchange rate with occasional interventions, there are usually smaller exchange rate shocks, but there might be one huge shock that might force the country to abandon the peg. Under the free floating regime, exchange rates are allowed to move freely to adjust economics fundamentals, and there may be larger shocks, but there is no risk of a massive exchange rate shock. Frankel (2003) also provides four advantages of a free floating exchange rate regime: independent monetary policy, automatic adjustment to trade shocks, seigniorage and lender of last resort ability, and ability to avoid speculative attacks. However, as Frankel points out, it is not completely clear whether the majority of developing countries can, or are willing to take advantage of a free floating exchange rate regime.
The next section introduces a simple monetary model of exchange rate determination based on the purchasing power parity. Section III describes the data set and presents empirical results. Section IV concludes the paper with some suggestions on the future direction of the current study.
II. Theoretical framework of exchange rate determination
The theoretical framework of our model is based on the simple monetary model summarized in Obstfeld and Rogoff (1996) . Exchange rate prediction is a notoriously difficult task, as already demonstrated by Meese and Rogoff (1983) . MacDonald and Taylor (1994), and Mark (1995) use the monetary model to test the predictability of exchange rates. They claimed the modest success in predicting exchange rates for a longer horizon. Mark and Sul (2001) 
Under the rational expectations hypothesis with no bubble solutions for the exchange rate process, we will have the fundamental solution for s t as:
The exchange rate is expressed as the discounted value of the future economic fundamentals. This is a characteristic of the monetary model, viewing the exchange rate as the asset price of the future economic fundamentals. Assume that the economic fundamentals series { } t f follows a driftless random walk process, ( ). 
III. Evolution of Korean exchange rate controls
The Korean exchange rate system has gone through several fundamental changes in recent years. From 1974 to 1980, the government strictly regulated foreign exchange transactions, and the Korean won was pegged to the U.S. dollar.
From February 27, 1980, the Korean won was officially pegged to a basket of currencies and SDR. The market average exchange rate (MAR) system was first adopted in March 1990 and maintained a pre-announced crawling peg to U.S. dollar with bandwidth ± 0.1 to 0.8 % in different periods until October 31, 1994.
Starting November 1, 1994, this band expanded to ± 1.5 %, and December 1, 1995, this band again expanded to ± 2.25% until an economic crisis hit the country. In late 1997, the Korean economic crisis broke out and Korea turned to IMF for rescue. Taking advantage of the opportunities presented by the economic crisis, Korea has accelerated the speed of economic restructuring including capital account liberalization and lifting of exchange rate controls. Korea shifted to a freefloating exchange rate system on December 17, 1997. The ceiling on foreign investment in Korean equities was entirely abolished in May 1998, and the local bond markets and money markets were completely opened to foreign investors. In June 1998, the Korean government announced a plan to liberalize all foreign 
A. Data description
All our data comes from the IMF International Financial Statistics (IFS) CD-ROM. Data frequency is monthly except GDP and GDP deflator series, which are available only on a quarterly basis. We converted the quarterly series into monthly frequencies by linearly interpolating quarterly observations into monthly observations. We used the bilateral nominal exchange rates per U.S. dollars for Australia, Japan and South Korea for the period of January 1980 to December 2003. These exchange rates are nominal domestic currency prices per US dollar at the end of each month. The Japanese yen and Australian dollar are introduced here as benchmarks for Korean exchange rate regimes. Japan is one of the largest trading partners of Korea, and Korea has sustained a chronic trade deficit with Japan. In addition to the close economic relationship between Korean and Japan, the Japanese yen has been freely floating after the collapse of the Bretton Woods Accord. As Calvo and Reinhart (2002) observed, the Japanese yen serves as one of the reserve currencies of the world. Therefore, its characteristics of free floating regime may be different from those of small developing economies. In this regard, Australia is chosen because the Australian dollar is also freely floating, but because the Australian economy is much smaller than that of Japan, it more closely resembles typical small developing economies. As in the Calvo and Reinhart (2002) Other economic variables in our analysis are as follows: money supply: M2 measure of nominal money supply; interest rate: short term government bond rates for Australia and Japan, short term (90 day) deposit rate for Korea, and 3 month U.S. Treasury bill rate; general price level: manufacturing output prices for Australia, consumer price indices for Japan, Korea and the United States; reserves are measured as total reserves minus gold in U.S. dollar terms.
We divide our data into three periods according to the regime classifications of RR and DLM. The first period is from January 1980 to the beginning of the Korean economic crisis, September 1997 (period 1). During this period, Korean exchange rates were tightly managed and controlled by the Bank of Korea. Exchange rate changes are very limited during this period. The second period is the crisis period, October 1997 to September 1998, when the first round of financial restructuring was completed following the IMF recommendations to recover from economic crisis. During the crisis period, nominal exchange rates were unstable and fluctuating widely. Thus, we exclude this period from our analysis. The last period, starting
October 1998 to the end of sample period, December 2003, is the post crisis free floating exchange rate regime (period 2). Korean exchange rates were allowed to move freely during this period with minimal market intervention.
2 1 Calvo and Reinhart (2002) use the Australian dollar as a benchmark currency for the floating exchange rate regimes for small developing countries. Australia, with a credible commitment to floating, shares many characteristics of small developing countries, and the Australian dollar is not a world reserve currency. Calvo and Reinhart (2002) report that the probability the Australian dollar fluctuates within the prescribed 2.5% monthly band for a free floating regime is about 70% during the monthly period of January 1984 to November 1999. For U.S. dollar/ Deutsche mark, this probability is 59% and it is 61% for Japanese yen/U.S. dollar. The average of those countries declared as floating regimes in Calvo and Reinhart (2002) is over 79%.
B. Exchange rates and economic fundamentals
First, we will examine the volatilities of two variables that are closely related to exchange rate regimes, the nominal exchange rate and foreign reserves. We compare the monthly rate of return volatilities measured as the standard deviation of the percentage change of the bilateral nominal exchange rates and foreign reserves ), , ( Exchange rate volatilities can be best illustrated using the figures. To avoid cluttering the figures, Figure 1 plots the nominal exchange rate returns for two currencies, the Korean won (solid line) and the Japanese yen (broken line) against the U.S. dollar for the entire sample period. Australian dollar returns could also be plotted in the same figure, but this is not included in Figure 1 to simplify the presentation.
The Japanese yen is more volatile during period 1 when the Korean won was under a limited flexibility regime. During period 2 when the Korean won was freely floating, the two currency volatilities appear to be quite similar, and they are not statistically different.
Reserves are often used to control and manage nominal exchange rates under fixed and limited flexibility exchange rate regimes. Figure 2 plots the volatility of reserve changes for Korea (solid line) and Japan (broken line). It is clear that Korean reserves were much more volatile than those of Japan during the limited flexibility regime. Korean reserves are also more volatile under the limited flexibility regime than under the free floating regime. This presents the empirical evidence of exchange rate management schemes. While there are criticisms that Korean exchange rates are still managed and controlled during the free float period, reserve 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 rate exhibits characteristics similar to other free floating exchange rates. In fact, Korean reserves remain relatively stable and exchange rates are more volatile during the free floating period. Australia has relatively volatile reserve changes throughout the period. In fact, even with the free floating exchange rate regime, the probability reserve changes stay within the 2.5% band is only about 50% according to Calvo and Reinhart (2002) . 4 Korean reserve levels were highly volatile during the limited flexibility regime, but her reserve volatility has decreased significantly under the free floating regime. Korean reserve volatility is even more stable than Japan's during period 2. From Table 1 statistics, we can see that reserve volatilities have fallen significantly in period 2 compared to period 1 for all three countries. Since
Korea has changed her exchange regime from period 1 to period 2, the reserve volatility of Korea has been reduced dramatically.
Once we observed the visual pattern of exchange rates movements, we estimate equation (8) to examine the relationship between exchange rates and economic fundamentals. Exchange rates, like many other assets prices, often show the persistence of volatilities in their evolutions. Table 2 is a summary statistic for the ARCH residuals for the three currencies. The Korean won shows ARCH residuals for period 1 and for the entire period, while there is no evidence of ARCH residuals during free floating period 2. Even though the analysis periods exclude the crisis period, there are several episodes of ARCH residuals (persistent volatilities) under the limited flexibility regime during the late 1980s and the middle of 1990s leading to the economic crisis. The Australian dollar and Japanese yen do not show ARCH residuals either for the entire period or for two periods separately. It is interesting to observe that ARCH residuals appear only during the limited flexibility exchange rate regime.
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The following two figures, Figures 3 and 4 , show that exchange rates are widely fluctuating around the deviations from economic fundamentals (z t is standardized to have zero mean) for Korea and Japan, and it is not an easy task to predict exchange rates using economic fundamentals. The relationship between exchange rates and fundamentals for Australia show similar patterns to other countries, but it is not shown here to conserve space. Meese and Rogoff (1983) have shown that none of the theoretical exchange rate determination models outperform simple random walk model in the root mean square criteria. Our objective here is not to predict the exchange rate using the economic fundamentals, but to investigate the causal relationship between economic fundamentals and the nominal exchange rate focusing on the exchange rate regime shift of the Korean won, and to compare it to other flexible exchange rate regimes.
The basic econometric model to examine the relationship between exchange rates and economic fundamentals is equation (8) Table 3 shows the OLS estimation results for three countries, using Table 3 the Korean won shows ARCH(1) behavior, so in Table 4 we estimated equation (8) for Korea with a GARCH(1,1) model using 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 OLS results show that the Korean won's fluctuation in response to the deviations from the economic fundamentals has increase from period 1 to period 2, but the difference is not statistically significant. This result is generally in line with Baxter and Stockman (1989) for the regime neutrality. However, by GARCH(1,1) estimation, it shows that exchange rate is more sensitive to the economic fundamentals, and the difference between two periods is statistically significant (-1.12 vs. -6.23). Since we have observed the ARCH(1) residuals from Table 2 , GARCH estimation is more efficient than OLS results. Japan and Australia also show the increase of slope estimates between two periods, but their differences are not statistically significant either. While the difference of individual slope estimates is statistically insignificant, Chow test for the joint hypothesis of structural stability between two periods strongly rejected for all three countries. 
C. Exchange rates and inflation
We are now ready to investigate the impact of exchange rate pass-through to domestic economic variables. From the purchasing power parity condition (PPP) of equation (3), there is a one-to-one relationship between the domestic inflation rate and the nominal exchange rate assuming constant foreign inflation. Therefore, we would like to see how the change of the nominal exchange rate affects domestic inflation rate. Our main focus is the effect of exchange rate regimes on the domestic inflation rate for the Korean economy. An important objective of a fixed exchange rate regime for a developing economy is to maintain stable price levels to help increase foreign trade trade. However, aggressive exchange rate defense may excessively drain foreign reserves, and it may bring further pressure for depreciation and domestic inflation. The vicious cycle may ultimately result in economic crisis.
We will examine the macroeconomic relationship between inflation and the change of exchange rates since the 1990s. Other lag length selections were estimated also, but they did not change the qualitative relationship between these variables. The inflation rate 6 The Korean won was pegged to the U.S. dollar until March 1990. 7 The VAR model is estimated using monthly data. Since GDP data is available only on a quarterly frequency, real GDP is interpolated using quarterly nominal GDP and GDP deflators. All other variables, including the left-hand variables of inflation and exchange rate, are at monthly frequencies.
Exchange rate changes
Inflation rate appears to show a strong time trend, but Dickey-Fuller tests with a time trend reject the unit root hypothesis for all periods. A bivariate VAR model may be too simple to analyze the complete exchange rate determination model introduced in section II, but the main objective of this analysis is to focus on the pass-through of the exchange rate to inflation contrasting two different exchange rate regimes.
Therefore, the estimated bivariate VAR model is: Equation (12) is estimated for the two periods separately, and both periods combined. The following table presents the estimation results. Table 5 .A shows that the exchange rate is largely unaffected by domestic inflation, but it is affected by money supply and real GDP growth in period 1. For period 2, money supply affects inflation significantly, but with the wrong sign. Table 5 .B shows that the one period lagged exchange rate change has a significant impact on the domestic inflation rate for both periods, but money supply and real GDP growth do not appear to affect the inflation rate. Import price as a proxy for the foreign price is statistically significant under the free float regime, while insignificant under the limited flexibility regime.
The Granger causality test confirms the causal relationship between inflation and the exchange rate. Table 6 reports Granger causality test statistics with two lags for each period and the two periods combined. The exchange rate does cause inflation, but not vice versa. From the VAR estimates, we can infer that one percent depreciation of the one period lagged Korean won ( 1 − ∆ t s ) increases the inflation rate 0.12% for the entire period. This could be a consequence of the small open economy which is heavily dependent on the intermediate goods imports to promote exports. Currency depreciation will boost exports, but it also causes worsening terms of trade, and higher import prices of intermediate goods trigger higher domestic inflation. It is evident that the export boosting policy during the limited flexibility exchange rate regime was pursued at the expense of domestic inflation. However, Table 5 .B also shows that the impact of the exchange rate on inflation (12) does not appear to be statistically different in the two periods. This result is in line with Baxter and Stockman (1989) that the exchange rate regime is largely neutral to macroeconomic variables. Having established the causal relationship between the exchange rate and inflation, we would like to see the behavior of these variables in response to the external shocks. Figure 7 and 8 are impulse response functions (IRF) and accumulated response functions (ARF) for periods 1 and 2 using the Cholesky decomposition for two years (24 months). Since the Cholesky decomposition is 8 The upper-left corner graphs of IRFs from both figures show the size of the exchange rate shocks. Observe that two graphs show different scales reflecting the size of shocks for each period. sensitive to the order of shocks to the VAR system, we produced two sets response functions by rotating shock orderings. However, different shock orderings produced remarkably similar responses to the point of being virtually identical.
We only report the IRF and ARF of shock ordering of ( ). The lower-left corner of IRF and ARF are responses of inflation to the one standard deviation shock of the nominal exchange rates. Under the limited flexibility regime (Figure 7) , the impulse responses and accumulated responses are quite mild in magnitude, and they are statistically insignificant. Under the free-floating regime (Figure 8 ), the initial impact on inflation from the exchange rate shock is relatively large and statistically significant from two to five months. This shows that under the managed exchange rate regime, the exchange rate shock does not directly transmit to other macroeconomic variables, especially the inflation rate. Under the floating exchange rate regime, the nominal exchange rate depreciation directly passes through to the domestic price level. However, this difference is largely due to the different size of the shocks in the two periods. Granger causality tests, the impact of inflation shock on the exchange rates are statistically insignificant for both periods.
IV. Conclusion
This paper investigated the role of economic fundamentals in the determination of the exchange rate under different exchange rate regimes. Focusing on the Korean economy, this paper found that the impact of economic fundamentals on exchange rates has increased under the free float regime. However, the difference between the two periods is statistically significant only according to the GARCH(1,1) estimation, not to the OLS estimation. VAR estimation results show that the impact of exchange rates on domestic inflation is remarkably similar under the two different regimes. The major difference is that the size of exchange rate shocks has become much bigger under the free float regime. IRF and ARF show the lasting impact of the exchange rate shock on a domestic variable, the inflation rate. In short, under the free floating regime, exchange rates are allowed to move freely, thus reflecting the underlying economic fundamentals more accurately.
It is true that the exchange rate has become more volatile under the flexible exchange rate system than under the limited flexibility regime. To reduce short-run volatility of the flexible exchange rate system, the Korean government needs to pursue an exchange rate policy to reduce the short-run volatility of the flexible exchange rate system and promote stable economic growth.
It is still an open question regarding which exchange rate regime is better for economic growth in the long-run, especially for developing economies. My future research will expand the current topic to investigate the relationship between different exchange rate regimes and other macro economic performances, especially economic growth.
